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Background: Exercise induced asthma may symptomatically be difficult to differentiate from
exercise related obstruction in the upper airways, sometimes leading to diagnostic confusion
and inappropriate treatment. Larynx accounts for a significant fraction of total airway resis-
tance, but its role as a limiting factor for airflow during exercise has been hampered by lack
of diagnostic tools. We aimed to study laryngeal function in exercising humans by transnasal
laryngoscopy.
Methods: Continuous video recording of the larynx was performed in parallel with continuous
film recording of the upper part of the body and recording of breath sounds in subjects running
to respiratory distress or exhaustion on a treadmill.
Results: A successful examination was obtained in 20 asymptomatic volunteers and 151 (91%)
of 166 young patients with a history of inspiratory distress or stridor during exercise. At rest, six
patients had abnormal laryngeal findings. During exercise, a moderate or severe adduction of
laryngeal structures was observed in parallel with increasing inspiratory distress in 113 (75%)
patients. In 109 of these, adduction started within supraglottic structures, followed by adduc-
tion of the vocal cords in 88. In four patients, laryngeal adduction started in the vocal cords,
involving supraglottic structures secondarily in three.
Conclusion: Larynx can safely be studied throughout a maximum intensity exercise treadmill
test. A characteristic laryngeal response pattern to exercise was visualised in a large propor-
tion of patients with suspected upper airway obstruction. Laryngoscopy during ongoing symp-
toms is recommended for proper assessment of these patients.
ª 2009 Elsevier Ltd. All rights reserved.97 5200; fax: þ47 5597 5147.
.no (O.D. Røksund).
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Exercise induced dyspnea is a common complaint among
adolescents and young adults. Symptoms may be caused by
exercise induced asthma (EIA) and by obstruction in the
upper airways.1 Upper airway obstruction typically presents
as inspiratory dyspnoea during exercise, often labelled
exercise induced inspiratory stridor (EIIS).2e4 EIIS typically
peak towards the end of an exercise session and during the
first 2e3 min of recovery, contrary to symptoms of EIA,
typically peaking 3e15 min after the exercise has stopped.5
The larynx (Fig. 1) accounts for a significant fraction of total
airway resistance at rest, and becomes evenmore important
during exercise.6,7 Patients without symptoms or findings at
rest may therefore exhibit inspiratory airflow obstruction at
the laryngeal level during high intensity exercise.2,4,8e19
Current understanding of airflow obstruction in the
upper airways during exercise has been hampered by lack
of diagnostic tools. The literature on pathophysiology,
prevalence rates, therapeutic strategies and terminology is
equivocal. Similar clinical scenarios have been labelled by
different terms, such as exercise induced vocal cord
dysfunction (VCD)2,4,13,15,16,18,19 or exercise induced lar-
yngomalacia (EIL).8e12,14,17 Discrepancies may partly be
explained by differences in diagnostic approaches. It has
therefore been recommended that EIIS should be examined
by direct visual inspection of laryngeal structures during
ongoing symptoms.1
We have previously presented a technique for contin-
uous laryngoscopy during an incremental maximum exer-
cise treadmill test (the CLE test).3 The aim of the present
study was to use this technique in an observational study
design, to explore laryngeal response pattern(s) to exercise
in a large group of adolescents and young adults with
symptoms of EIIS.
Methods
Subject
Twenty volunteers with no history of symptoms resembling
EIIS were recruited to demonstrate a normal laryngealFigure 1 Normal larynx, as observed transnasally in a flex-
ible laryngoscope, with the patient in the lower left corner
(anonymised). Epiglottis (at front), the cuneiform tubercles
and the aryepiglottic folds represent supraglottic structures.
The vocal cords (glottis) and the upper part of the trachea are
seen below.response pattern to exercise. Patients (nZ 166) were
consecutively recruited over a period of five years (2002e
2007) from the outpatient pulmonology clinic at the
Paediatric Department, Haukeland University Hospital,
Bergen, Norway. The CLE test was performed in patients
with a history of exercise induced dyspnoea, symptoms of
EIIS and no evidence of EIA on a standard exercise provo-
cation test.20 EIIS was defined by a prolonged inspirium,
inspiratory distress, stridor, chest pain, hyperventilation
attacks or frank panic reactions occurring during exer-
cise.2e4 A paediatrician or an otorhinolaryngologist
obtained the medical history and performed a general
physical examination. Basic characteristics of the study
population are given in Table 1.
The Regional Ethics Committee approved the study and
informed written consent was obtained from all partici-
pating subjects.Continuous exercise laryngoscopy (CLE test)
The test has been described in detail elsewhere.3 Briefly,
the patients ran to symptom-limiting distress or to
exhaustion on a treadmill (Woodway ELG 70, Weil am
Rhein, Germany), wearing a face mask (Hans Rudolph,
Inc., Kansas City, MO, USA) and hooked up to a Vmax 29
cardiopulmonary exercise (CPX) unit (SensorMedics inc.,
Yorba Linda, CA, USA) and a 12 lead ECG (Marquette
Medical Systems inc., Milwaukee, WI, USA). An integrated
set-up combined the CPX unit with a transnasal fiberoptic
flexible laryngoscope (Olympus ENF-P3, Tokyo, Japan),
and a video e and sound e recorder (Telecam, Karl Storz,
Tuttlingen, Germany). The face mask and a specially
devised head-set served to secure the laryngoscope in
correct position throughout the test. The treadmill was
run according to a locally developed protocol, with
incrementing speed and/or grade every 1 min, aiming to
obtain Peak VO2 after 6e12 min of exercise. In addition to
real-time videoscopy of the larynx, breath sounds were
continuously recorded. To document symptoms and/or
external signs of respiratory distress, a film recording of
the upper part of the body was running real-time and
saved onto the same screen as the video recordings of the
larynx.
The test was considered successful if the patient
reproduced his or her respiratory complaints, or indicated
exhaustion, preferably supported by a plateau in oxygen
consumption and/or the heart rate response. The video
recordings were reviewed and scored throughout the
exercise session according to a preset protocol (Table 2; see
also Maat et al.21). The position and movements of the
glottic (vocal cords) and supraglottic (the cuneiform
tubercles and aryepiglottic folds) structures were graded as
normal if the expected neutral position or abduction
occurred as the exercise session proceeded. If adduction
occurred, it was scored as mild, moderate or severe
according to the criteria given in Table 2. Patients were
classified according to the highest score assigned. If laryn-
geal adduction occurred, the sequence of events was
determined, i.e. if adduction started in supraglottic or in
glottic structures. The timing of the onset of symptoms
(EIIS) and of the onset of laryngeal adduction was
Table 1 Background data.
Patients
(nZ 151)
Asymptomatic
volunteers
(nZ 20)
Number of
females (% of group)
99 (65.6%) 13 (65%)
Age (years) 16.3 (7.3) 22.7 (7.8)
Females 16.2 (5.3) 18.8 (4.0)
Males 16.4 (10.2) 22.7 (7.8)
Height (cm) 166.0 (11.6) 173.4 (7.2)
Females 165.5 (8.2) 169.5 (4.4)
Males 166.8 (16.3) 180.4 (5.8)
BMI (kg/m2) 21.6 (3.4) 21.9 (2.6)
Females 21.7 (3.4) 20.6 (1.7)
Males 21.4 (3.3) 24.3 (2.2)
Peak VO2
(ml/kg/min)
45.1 (9.4) 53.0 (8.1)
Females 42.6 (8.8) 50.9 (8.1)
Males 49.7 (8.9) 57.5 (6.7)
Max heart rate %
(220 ageZ 100%)
91.9 (9.1) 97.8 (4.7)
FVC (% pred) 105.7 (14.8) 106.6 (10.3)
FEV1 (% pred) 101.9 (15.9) 103.6 (12.7)
PEF (% pred) 96.6 (21.0) 113.5 (14.7)
Fitness level
(number (%))
Sedentary or
non-competitive
45 (30%) 8 (40%)
Community level
competitive
86 (57%) 10 (50%)
National level
competitive
20 (13%) 2 (10%)
Number (%) treated
for EIA the
preceding 12 months
128 (85%) 2 (10%)
b2 e agonist only 72 2
ICSa only 2
b2 and ICS 54
Number (%) with
self-reported
effect of
treatment for EIA
Good effect 5 (4%) 2 (100%)
Moderate effect 41 (32%)
No effect 82 (64%)
Except numbers, figures are group mean (standard deviations).
a ICS is inhaled corticosteroids.
Larynx e the bottleneck of the airways? 1913determined. Whenever possible, epiglottic movement was
determined as normal or retroflex.
Results
A successful CLE test with video recordings that were
technically adequate for review was obtained for all the 20volunteers and for 151 (91%) of 166 patients. Poor audio-
visual quality was the main reason for failures. The
asymptomatic volunteers were somewhat older and taller
than the patients, but body proportion and basic lung
function data were similar for the two groups (Table 1).
Treatment for asthma during the year preceding the CLE
test was reported by two (10%) of the volunteers and by 128
(85%) of the patients. Eighty-two (64%) of the patients
reported no effect from asthma medication on exercise
related symptoms.
Major findings
Volunteers with no history of EIIS
In all the asymptomatic volunteers, abduction or a neutral
position of the vocal cords was observed throughout the
exercise session. However, eight (40%) had mild medial
rotation of the cranial edge of the cuneiform tubercles at
maximum exercise (Fig. 1). None had glottic adduction or
a supraglottic adduction greater than mild. Mild adduction
of supraglottic structures at maximum intensity exercise
was therefore classified as a negative response. A normal
laryngeal exercise response can be observed in Supple-
mentary Video 1.
Patients
Major findings are summarised in Fig. 2. Ten patients (7%)
had a normal laryngeal response pattern to incremental
exercise, and 13 (9%) had a mild supraglottic adduction
only, i.e. laryngeal findings were classified as negative in 23
patients (15%). Clinical symptoms in patients with a nega-
tive test were mild, dominated by heavy breathing and
a tendency for prolonged inspirium. None had stridor.
Six (4%) patients had an asymmetrical larynx at rest,
diagnosed as vocal cord paralysis (nZ 3) or supraglottic
asymmetry (nZ 3). In these patients laryngeal function
was not formally assessed according to the system
described in Table 2. However, four of them developed
stridor and two had a prolonged and abnormal inspirium
during the CLE test. All had an increasing asymmetrical
medial motion of supraglottic structures paralleled by
increasing symptoms throughout the exercise session.
Findings were particularly pronounced in the patients
with a unilateral paralysis of a vocal cord, with the
ipsilateral aryepiglottic fold reaching or even crossing the
midline and thereby almost closing the laryngeal
entrance.
Four (3%) patients had supraglottic findings at rest that
resembled laryngomalacia, i.e. an omega shaped epiglottis,
enlarged aryepiglottic folds and a narrow laryngeal
entrance. All of them had a dysfunctional supraglottic
laryngeal exercise response with stridor already at
moderate intensity.
The most typical laryngeal response pattern was
observed in 113 (75%) patients, and was characterised by
a normal laryngoscopy at rest and a moderate or severe
adduction of laryngeal structures during exercise (Supple-
mentary Video 2). In 109 (97%) of these 113 patients, the
laryngeal adduction started as a medial motion of the
Table 2 Scoring system for movements of laryngeal structures during exercise.
Glottic (vocal cords) movements Supraglottic movements
Normal: abduction or neutral
position of the vocal cords.
Normal: abduction or neutral
position of
the aryepiglottic folds
with no visible medial motion.
Mild: mild adduction of the vocal cords,
particularly in the anterior part.
Mild: mild medial rotation of
the cranial
edge of the cuneiform
tubercles.
Moderate: moderate adduction of the vocal
cords but no direct contact.
Moderate: moderate
medial rotation
of the cuneiform tubercles,
exposing the mucosa
of the lateral
side of the tubercle.
Severe: severe inspiratory
adduction of the glottic space,
nearly always accompanied by
severe stridor.
Severe: severe medial motion of
the cuneiform tubercles towards
the midline, thereby partly covering
visual access of the glottis.
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Patients
n = 166
Evaluated video-recordings
151 (99 females)
Larynx pathology
at rest (n = 6)
- Vocal
cord 
paralysis       (3)
- Supraglottic
asymmetry   
Scored CLE-tests
145(94 females)
Asymptomatic volunteers
n = 20
Normal
(n = 12)
Mild
(n = 8)
Normal or mild adduction only
(n = 20)
Normal
(n = 10)
Mild
(n = 13)
Moderate
(n = 29)
Severe
(n = 84)
Inspiratory respiratory
distress/stridor
without findings
 in larynx
(n = 9)
- Vascular ring
- Right sided
aortic arch
- Tracheomlacia
- Subglottic   
  stenosis             (3)
- No diagnosis
Normal or mild
adduction only
n = 23 (9 females)
Moderate or severe
supraglottic or glottic adduction
n = 113 (81 females)
Inadequate CLE
test or video-
recordings
(n = 15)
(2)
(2)
(1)
(1)
(3)
Figure 2 Diagram showing the main findings of the study. Normal, slight, moderate and severe refer to the worst extent of
laryngeal adduction observed during the exercise test, supraglottic or glottic irrespective.
Larynx e the bottleneck of the airways? 1915aryepiglottic folds and/or the cuneiform tubercles (Fig. 3).
Eighty-eight (81%) of these 109 patients had a secondary
medial motion of the vocal cords, while in 21 (19%) patients
the adduction was confined to supraglottic structures only.
In four (3%) of the 113 patients, adduction was initiated by
a medial motion of the vocal cords, followed by a secondary
supraglottic adduction in three of them. Hence, a combined
supraglottic/glottic adduction was observed in 91 (81%) of
the 113 patients.
Audible inspiratory stridor was recorded during the
exercise session in 77 (68%) of these 113 patients. In
reviewing the recordings, a relatively clear clinical
pattern became evident. Symptoms started with a periodModerate or severe supraglottic or
glottic adduction during inspiratory
 phase at maximal exercise
(n = 113)
Adduction starts in
supraglottic structures
(n = 109)
Adduction starts in vocal cords
 (n = 4)
Vocal cord
adduction only
(n = 1)
Primary vocal
cord adduction,
followed by
supraglottic
adduction
(n = 3)
Supraglottic
adduction only
(n = 21)
Primary
supraglottic
adduction,
followed by
glottic adduction
(n = 88)
Figure 3 Sequence of events with respect to laryngeal
adduction in patients with exercise induced laryngeal
dysfunction.of prolonged inspirium, accompanied by course breath
sounds, in parallel with an initial medial rotation of the
cuneiform tubercles and a subsequent inward movement
of the aryepiglottic folds. The sense of dyspnoea seemed
to begin at this stage. With increasing intensity exercise,
and as adduction of the supraglottic and glottic struc-
tures proceeded, symptoms developed into stridor,
particularly evident if adduction of the vocal cords
occurred. In the most extreme patients, this scenario
ended with hyperventilation attacks or frank panic reac-
tions. Retroflex movements of the epiglottis were
observed at high intensity exercise in 28 of the 113
patients with adduction of laryngeal structures and in
four of the 23 patients with an otherwise normal laryn-
geal response.
Nine patients (6%) had a normal laryngeal exercise
response but a clearly abnormal respiratory pattern
closely resembling EIIS during high intensity exercise,
i.e. the CLE test was negative in terms of visual laryn-
geal findings, but positive in terms of audible findings.
These nine patients were subsequently referred for
further investigation (CT, MRI or bronchoscopy). Struc-
tural obstruction of central airways were diagnosed in
seven of these patients, caused by vascular compression,
tracheomalacia and subglottic stenosis, as summarised in
Fig. 2.
Spirometry at rest was a helpful diagnostic tool in
patients with structural obstruction of central airways, i.e.
baseline flow-volume loops had the typical configuration
with reduced peak expiratory flow values and a relatively
flattened inspiratory loop. In the 113 patients with a normal
laryngoscopy at rest and laryngeal adduction during
1916 O.D. Røksund et al.exercise, findings in baseline flow-volume loops were
heterogeneous in relation to symptoms and laryngeal find-
ings, i.e. there was no unequivocal association between
particular loop configurations at rest and symptoms and
findings during exercise.
DiscussionThis is the first study to report on direct visualisation of
laryngeal function during ongoing treadmill exercise in
a large group of subjects. The study suggests that EIIS in
young patients is frequently confused with EIA, and that
laryngeal dysfunction is an important cause of upper airway
obstruction. Typical findings were characterised by an
initial medial motion of the cuneiform tubercles and the
aryepiglottic folds, and an increasing adduction of these
structures throughout the exercise session in parallel with
increasing symptoms. Adduction of the vocal cords was
commonly observed as a secondary, but rarely as a primary
event.
The findings in the asymptomatic volunteers basically
confirm previous reports that the larynx normally opens
widely and that the epiglottis rotates anteriorly into the
base of the tongue during exercise.3,8,9,22,23 These adaptive
changes allow for increased airflow without major increases
in airway resistance and turbulence.8,22,23 A mild medial
rotation of the cuneiform tubercles was considered
a normal finding since it was observed at maximum exercise
in eight of the 20 asymptomatic volunteers, and also has
been described in asymptomatic subjects by others.9 It was
a weakness of the study that the symptom-negative refer-
ence population was slightly older and also fewer than the
patients. Since the procedure was expected to be some-
what uncomfortable, a higher number of younger volun-
teers were not examined for ethical reasons. Nevertheless,
the twenty asymptomatic subjects constitute the largest
series published to date on normal laryngeal response
patterns to exercise. A major strength of this study was the
large population of patients included. Also, the patients
were unselected, since Haukeland University Hospital is the
only referral centre in the area for adolescents with this
sort of medical problem.
In the literature, symptoms of EIIS seem to be explained
and understood within different conceptual frameworks by
various research groups. This applies to terminology,
etiology, pathophysiology and to strategies for manage-
ment and therapy. These discrepancies may partly be
explained by differences in the diagnostic approaches being
used to investigate seemingly similar clinical scenarios. The
term exercise induced vocal cord dysfunction (VCD) has
linked EIIS to a paradoxical inspiratory closure of the vocal
cords. Psychological mechanisms or laryngeal hyper-
responsiveness have been suggested as causal path-
ways.4,13,15,16,19 In one of the largest studies published to
date, EIIS was interpreted within this concept,4 but the
diagnosis was not based on visualisation of larynx, but on
auscultation.16 Others have based their diagnostic
approach on post-exercise laryngoscopy.24 However, that
technique visualises only an end-result, e.g. a patient
exhibiting stridor and a varying level of anxiety, accompa-
nied by adducted vocal cords. This may be misleading inrelation to the dynamics of the obstruction throughout the
exercise session, as demonstrated in the present study.
Some smaller studies have reported supraglottic adduction
resembling our major findings, based on diagnostic
approaches similar to ours. In these studies, laryngomalacia
rather than VCD was considered the basic cause of
obstruction.1,8,11,17 Direct observation of the larynx as
symptoms increase provides an opportunity to appreciate
how laryngeal dysfunction progress during the exercise
session. Such knowledge seems important in order to
establish correct diagnoses, clarify causal mechanisms and
develop evidence-based approaches to therapy. This line of
argument was recently advocated also in a review on this
issue.1
We were unable to link symptoms of EIIS to one single
causal factor. However, in the typical patient with exercise
induced laryngeal dysfunction, larynx appeared normal at
rest, and neither adduction of the vocal cords nor psycho-
logical factors seemed to be important primary triggering
factors. Contradicting previous statements in the litera-
ture, VCD was not a major inciting factor, but rather
a consequence or an associated phenomenon occurring
secondarily to supraglottic adduction in the most severe
cases (Fig. 2). Clinical symptoms seemed to progress in
a continuum and in parallel to an increasing medial rotation
of the cuneiform tubercles and inward movement of the
aryepiglottic folds. Obvious audible stridor was in most
cases related to adduction of the vocal cords, and panic
reactions to severe vocal cord adduction. It should be
stressed, however, that stridor during exercise must not be
linked to one particular anatomical structure, pathophysi-
ological process or diagnostic entity. Hence, an abnormal
respiratory pattern, closely resembling EIIS, was observed
also in patients with findings unrelated to larynx, i.e. in
patients with vascular compression, tracheomalacia and
subglottic stenosis. This heterogeneity in patients with
relatively similar symptoms calls for caution, and requires
a clear strategy for the utilisation of relevant diagnostic
techniques.
Treatment of EIIS should reflect this heterogeneity, i.e.
the treatment strategy employed must be tailored to the
individual patient and reflect the relevant pathophysi-
ology and anatomical findings in each case. Psychotherapy
and speech therapy have been advocated by some
authors,2,13,19 as has injection with botulinum toxin18 and
inhaled ipratropium.1 We have previously reported results
from laser supraglottoplasty performed in ten patients
with disabling EIIS and a documented severe supraglottic
adduction.25 Postoperatively, a follow-up CLE test
revealed absence of laryngeal adduction and no EIIS.
Corresponding effects of surgery in carefully selected
patients with EIIS have also been published by others as
case reports.10,14,17 However, indications and contraindi-
cations for surgery as well as for other treatment
modalities are not settled. An evidence-based approach to
any therapeutic regimen in relation to EIIS requires
a better understanding of causal mechanisms and the
dynamics of laryngeal dysfunction.
The mechanisms underlying adduction of apparently
normal laryngeal structures during exercise remain
undetermined, and cannot easily be explained within the
frames of the present study. The laryngeal passage
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Larynx e the bottleneck of the airways? 1917represents the narrowest part of the airway tree, and
may therefore be viewed as the ‘‘bottleneck of the
airways’’. This narrow passage must abduct widely
during exercise, adduct adequately during swallowing
and perform fine-tuned movements during phonation. A
patent lumen is secured by a rigid cartilage skeleton,
ligaments and muscles. The size of the lumen is subject
to neural control through muscles controlling the arye-
piglottic folds and the vocal cords, including numerous
sensori-motor reflexes.26 The laryngeal adduction
observed in our patients during heavy exercise may
therefore be due to dysfunctional neuro-muscular control
or inadequate structure or fatigue of supporting muscle
fibers. Other contributing or causal factors may be
mucosal edema or inadequately positioned, sized or
yielding cartilage and/or ligaments. The Bernoulli effect
is a description of the inward force created by high
airflow velocity through a narrow passage, a situation
found at the laryngeal entrance during high intensity
exercise. This effect will therefore exaggerate any
disadvantageous anatomical structure or physiological
inadequacy of the larynx, and thereby create or worsen
symptoms in susceptible patients. Laryngomalacia may
well play a part in this picture. Psychological factors
such as anxiety or panic reactions, may add to this
scenario, further aggravating the adducting forces and
thereby the symptoms. We therefore suggest that an
unfortunate combination of laryngeal pathophysiology,
aerodynamic mechanisms and possibly psychodynamic
characteristics are fundamental for the development of
this clinical condition.
Asthma has been reported to be common in patients
with exercise induced VCD.13,16 Also in the present study,
asthma medication had been prescribed to most patients,
but without effect in the majority (Table 1). These findings
suggest confusion with respect to differentiating EIIS from
EIA. Given the potential for side effects from high doses of
inhaled corticosteroids, such mistakes may have unfortu-
nate consequences. A medical history suggesting respira-
tory distress occurring during rather than after exercise in
a young patient should alert the physician to initiate
a proper diagnostic approach. Observation of symptoms of
EIIS during exercise testing should incite a careful assess-
ment of structures in the upper airways. We suggest that
the CLE test is a helpful tool to disclose the true pattern of
laryngeal dysfunction in a majority of patients with verified
symptoms of EIIS.Conclusion
Larynx can safely be studied in young people throughout
a maximum intensity treadmill exercise test. The study
suggests that EIIS in young patients is frequently confused
with EIA, and that laryngeal dysfunction is an important
cause of upper airway obstruction. Most patients with EIIS
exhibited a typical pattern characterised by an initial
medial motion of the cuneiform tubercles and the aryepi-
glottic folds. Adduction of the vocal cords commonly
occurred as a secondary but rarely as a primary event.
Laryngoscopy during ongoing symptoms is recommended for
the assessment of patients with EIIS.Acknowledgements
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